Substantial amounts of DNA (at least 25 ug per cm ) can be stably bound to diazobenzyloxymethyl(DBM)-paper. Complementary RNA will hybridize to the DNA paper almost completely in 24 hours. Using several different conditions of hybridization and washing, the background of RNA bound non-specifically is very low (between 0.01 and 0.02%) and the efficiency of hybridization is very high (75 to 80% of complementary RNA is bound and retained through the washing procedure). Because the DNA is bound to the paper covalently, it is retained through all the washing and elution steps, and the DNA papers can be re-used many times.
will bind at least 25 pg of DNA stably. A large fraction of this DNA must be available for hybridization. For example, up to 0.4 pg of SV40 cRNA can be hybridized to a filter containing 12 pg of SV40 DNA in 24 hours.
(c) The fraction of complementary RNA which actually hybridizes to the filter is very high. Between 75 and 80% of SV40 cRNA will hybridize to an SV40 DNA filter and survive a stringent wash procedure, comparing favourably with efficiencies of hybridization obtained in solution.
(d) One problem in using millipore filters is that the hybrid is lost from the filters when the hybridizing RNA is complementary to the entire length of the DNA bound. Because the DNA is bound covalently to DBM-paper, this is not a problem with the new technique.
(e) Because the DNA binding is covalent, the DBM filters are re-usable.
We have used the same sets of SV40 or plasmid DNA filters successfully in moiE than ten experiments. Re-usable filters are very convenient and, of course, their use becomes quite important when only small amounts of a particular DNA are available.
MATERIALS AND METHODS
Materials. Dimethyl sulphoxide (analar grade) was obtained from Fisons.
SV40 DNA (1) was prepared according to Hirt (5) from cells infected with strain VA45-54. The virus was cut with endonuclease Rl before binding to the filters. SV40 cRNA was prepared from form I DNA according to Sambrook et al. (6) . Plasmid DNA was prepared by Caesium chloride-ethidium bromide centrifugation and sonicated (see Results) before binding to filters.
Nuclear RNA labelled in vitro was prepared as described by Jacobson et al., (7) using nuclei isolated from Dictyostelium discoideum Ax2 cells at the 4th hour of development.
Procedure
Preparation of DNA paper. Nitrobenzyloxymethyl (NBM)-paper was prepared using 1-[(m-Nitrobenzyloxy)methyl] pyridinium chloride (obtained from British Drug Houses, Poole, Dorset) and Whatman 54O paper exactly as described by Alwine et al., (1) . When stored desiccated at 4°C at the NBM stage the paper is more stable than when stored at the ABM stage, the r<rocf!dure reconnended previously.
Before reduction, the paper is cut into circles approximately 11mm in diameter (area approximately 1 cm ). Such circles fit into the bottoms of the plastic scintillation vial inserts used for binding and subsequent hybridization.
Immediately before use, twenty or more circles were placed in 50 ml of
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20% (w/v) sodium dithionite for 30 min. at 60 C with occasional shaking. The filters were then washed rapidly by decantation 5 times with 1O0 ml of water each, once with 100 ml of 30% acetic acid and 5 times more with water. The aminobenzyloxymethyl (ABM)-filters were transferred immediately, while still wet, to 50 ml of ice-cold 1.2M HCl, to which was then added 1.3 ml of freshly prepared NaNO (10 mg/ml in HO). Diazotization was allowed to proceed for 30 min. at 0 C with occasional shaking. At this point a check was made for the presence of excess HNO by placing a drop of the solution on starchiodide paper. o After this stage all manipulations were performed rapidly at 0 to 4 C (in the cold room). The diazobenzyloxymethyl (DBM)-paper were washed 4 times with 1O0 ml each of ice-cold water and once with 20 ml of ice-cold 25mM sodium phosphate buffer pH 6.O. (During this procedure the paper turns pale yellow and during the overnight binding reaction this colour intensifies to a much deeper yellow-orange). Individual filters were then removed with tweezers and blotted damp-dry by placing them for a few seconds on cold paper towels. The filters were then placed in the bottoms of individual plastic inserts for scintillation vials and the DNA to be bound was added immediately.
Samples were prepared ahead of time by dissolving the DNA in 25mM sodium phosphate pH 6.0 and then adding 4 volumes of dimethylsulphoxide. Although some commercial preparations of dimethylsulphoxide have been used successfully without further purification, it may be advisable to redistill this solvent in vacuo at low temperature before use. The DNA was used at final concentrations up to 2 mg/ml (10-100 pi of solution was addedto each filter).-The vials were then capped and allowed to stand overnight at room temperature.
The filters were washed in the inserts several times with 5 ml of water at o room temperature to remove the solvent and then 4 times for 10 min at 37 C with 1 ml volumes of 0.4 M NaOH. After a further 3 washes with water, the o filters were blotted dry, numbered with a pencil, and stored at 4 C in 50% formamide, 50% pipes buffer (2OmM), pH 6.4. Circles stored in this way are stable for several months at least.
Hybridization. Two different buffers have been used:-Pipes buffer contains 50% de-ionized formamide, 0.4 NaCl, 20mM pipes pH 6.4, 5mM di-sodium EDTA, 0.2% SDS, 1 mg/ml wheat germ RNA and 50 yg/ml poly rA(Miles Laboratories).
SSC buffer contains 50% de-ionized formamide, O.75M KaCl, 75mM trisodium citrate, 0.2% SDS, 1 mg/ml yeast transfer RNA (Calbiochem), 0.3 mg/ml Ficoll 4OO, 0.5 mg/ml poly rA and 0.02% bovine serum albumin. Before use the albumin was treated with 0.05% di-ethylpyrocarbonate for 2 hours at 37 C. A dried ethanol precipitate of the RNA to be hybridized was dissolved in one of these two buffers (or, alternatively, 1 or 2 pi of a concentrated aqueous solution of RNA was added to 100 pi of hybridization buffer), and 100 pi of the solution was added to each filter in a plastic insert. Each vial was capped, immersed completely in a water bath (to prevent condensation) and incubated with shaking at 41 C for 24 hours (longer incubation gives only slightly more complete hybridization).
Washing procedure. The supernatant solution was removed from the filters, which were then washed in a buffer containing 50% formamide, 2OmM NaCl, 8mM tri-sodium citrate and 0.2% SDS. In all the SV40 experiments the filters were washed individually in the inserts by shaking them with eight 1 ml portions of this buffer for 10 minutes each at 32°C. In the plasmid experiments, filters were batch-washed in 4 changes of 200 ml of this buffer for 30 minutes at 34 C. The SV40 filters were then rinsed in two changes of HO, while the plasmid filters were rinsed in two change of 2 x SSC.
Recovery of the RNA. For determination of bound radioactivity, RNA was removed from the filters by placing each into a separate vial and adding 100 yl of 0.4M NaOH. The vials were shaken for 45 min at 37°C, 80 pi of the supernatant solution was removed to a fresh insert, 400 pi of Protosol (New England Nuclear) were added and the whole was mixed thoroughly for a minute or two, until a clear solution was achieved. Finally, 4ml of toluene-based scintillant were added and mixed. There is very little quenching of H in this scintillation mixture.
Finally, to "re-cycle" the filters, they were washed 3 times with 5 ml o each of water, blotted and stored as described above at 4 C, in pipesformamide buffer.
RESULTS AND DISCUSSION
Characterization of hybridization using DNA-paper has been performed mainly with SV40 DNA and SV40 cRNA. This is a particularly advantageous system since the cRNA used was not self-complementary. The comparison between hybridizations performed using DNA linked to paper or to millipore filters has been performed mainly using nuclear RNA of D.discoideum synthesized in vitro since this is the kind of system in which the DNAfliters will probably find many applications. The capacity of filters bearing SV40 DNA was tested using 0.6 or 2.5 pg of cRNA per filter, with hybridization for 24 hours and washing as above.
Filters bearing 12 pg of DNA retained 65% of 0.6 pg or 26% of 2.5 pg. Thus, while substantial fraction of the SV40 DNA seems to be available for hybridization to complementary RNA, the maximum amount of RNA permissible, if complete hybridization is to be achieved, seems to be about 0.2 pg of complementary RNA per 12 pg of DNA.
Non-specific binding of RNA to DBM filters. This was evaluated using nuclear RNA labelled in vitro as a test system:-SV40 DNA filters were hybridized to RNA synthesized in vitro by nuclei isolated from uninfected VERO cells. Nuclei were prepared from approximately 5 x 10 cells essentially as described by Marzluff et al., (8) and were incubated for 2.5 hr at 25 C in the presence of about 100 uCi of ( P) UTP (Amersham, specific activity 500 Ci/mmole) without addition of unlabelled UTP under conditions described by Metz et al., (9) . Carrier wheat germ RNA (50 ug) and H cRNA from SV40 (0.2 ug) were present during the in vitro synthesis. Labelled RNA was isolated essentially as described by Metz et al. (9) and was hybridized to a single filter bearing 12 ug of SV40 DNA. Washing was performed at 32 C (see Methods). Recovery of H cRNA through the entire procedure was 41% (53% of the amount that would have been recovered following 32 hybridization and washing only). The background of P binding was 0.02%.
Similar results were obtained in other experiments using this in vitro system.
The hybridizations to plasmid DNA were performed using nuclear RNA synthesized in vitro, with nuclei isolated from D.discoi.deum cells exactly as described by Jacobson et al., (7) . The incubation was performed for 30 min.
at 22 C under the conditions described by Jacobson et al., (7), except that no unlabelled UTP was added. After synthesis, the nuclei were extracted with phenol and the RNA was purified on a column of Sephadex G50 in buffer containing 0.5% SDS. Nuclear RNA prepared in this way contains 27s and 17s
ribosomal RNA and the nuclear precursor to mRNA (Jacobson et al., (7) and Williams and Lloyd Ms in preparation). This RNA hybridizes efficiently to cloned ribosomal DNA and to cloned mRNA sequences (see below). To determine the background of non-specific binding, RNA prepared in this way was hybridized to filters bearing 10 pg of PMB9 plasmid which contains a fragment of a Xenopus globin mRNA sequences (this clone is termed XG2.8.3 -Hentschel, Kay and Williams -unpublished). In these experiments SSC buffer was used (see Methods) . 11". a typical experiment using 3 different RNA preparations made from nuclei at various stages of development an average of 0.015% of input counts bound to a 2.8.3 DNA filter (the exact figures were 325 cpm using vegetative cell nuclear RNA, 323 cpm using 3 hours developmental nuclear RNA and 329 cpm using 9 hours developmental nuclear RNA -the input in each case being 2 x 10 cpm). Similar backgrounds have been observed in many other experiments and are comparable with backgrounds obtained using nitrocellulose filters (see b'jow). However it is important to note that background may be depci.Jent not only on the hybridization and washing conditions but also on the source of the nucleic acid and any possible impurities which bind to the filters. Thus we have observed that the background binding using RNA cleaved with alkali and then end-labelled ^n vitro using T. poly-nucleotide kinase 32 and y ( p ) ATP gives background 10 fold higher than those obtained using nuclear RNA (i.e. 0.15% of the input binds non-specifically). This compares with a background binding of only 0.02% when hybridizing end-labelled RNA to DNA bound to nitrocellulose filters. Presumably this difference indicate that an impurity in the labelled RNA sticks to the DBM-paper preferentially.
Comparison of the hybridization of nuclear RNA synthesized in vitro using DNA bound to nitrocellulose filters or to DBM-filters. In the experiments described above "model" systems were used to characterize the DBM-filters.
Since we are suggesting the use of these filters as an alternative to the use of nitrocellulose we felt it was important to compare the two methods side by side in a specific experimental situation. We chose to do this using a plasmid (which we have termed "812") containing a D.discoideum mRNA sequence which hybridizes to a substantial fraction (over 2%) of the mRNA population present at the 4th hour of development. While this plasmid hybridizes to a substantial fraction of the mRNA population, only a small fraction of the in vitro transcripts from nuclei isolated at the 4th hour of development will hybridize to the plasmid DNA. Using DNA bound to DBM-filters we were able to detect this hybridization "signal" as efficiently as with DNA bound to nitrocellulose filters. In the experiment described in the Table, equal Comparison of hybridization to 8.1.2 DNA using nitrocellulose filters or DMB-filters. Plasmid DNA was bound to 2.4 cm nitrocellulose filters (Millipore O.42y HAWP) after brief sonication and alkali denaturation an described by Gillespie and Speigelman (3) . A total of 40 ug of plasmid DNA was bound to each filter which was then cut into four equal segments and baked for 2 hours at 80°C. One section bearing XG2.8.3 DNA, and one filter section bearing 8.1.2 DNA was placed in 0.5 ml of SSC buffer in each of 4 scintillation vial inserts which were rolled horizontally at 37°C for 48 hours. The 0.5 ml of SSC buffer contained 6 x 10 5 cpm of nuclear RNA synthesized in vitro, using nuclei isolated from D.discoideum cells at the 4th hour of development. Hybridization to 8.1.2 and XG2.8.3 DNA bound to DBM filters was performed in each case using 2 filters bearing 6 ug of DNA. Each scintillation vial insert contained 150 ul of SSC buffer containing 6 x 10 5 cpm of 4th hour nuclear RNA and hybridization was again for 48 hours at 37°C. At the end of the hybridization period, the nitrocellulose and DBM filters were washed together at 30°C. The nitrocellulose filters were then dissolved and counted in scintillant containing methoxyethanol and RNA was recovered from the DBM filters using NaOH and counted as described above. cellulose filters.
